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CLAIMS 



[Claim(s)] 
[Claim 1] 

Water-soluble nonpeptidic low molecule drugs which carried out hydrophobing with metal ion are 
enclosed with a lactic acid-glycolic acid copolymer or a lactic acid polymer nano particle, A nano 
particle for intravenous injections aiming at targeting and gradual release consisting of having given a 
surface-active agent to the surface of the lactic acid-glycolic acid copolymer concerned or a lactic acid 
polymer nano particle. 
[Claim 2] 

The nano particle for intravenous injections according to claim 1, wherein a diameter of particles is 50- 
300 nm. 
[Claim 3] 

The nano particle for intravenous injections according to claim 1, wherein a molecular weight of water- 
soluble nonpeptidic low molecule drugs is 1000 or less. 
[Claim 4] 

The nano particle for intravenous injections according to claim 1, wherein metal ion is either zinc, iron, 
copper, nickel, beryllium, manganese or cobalt. 
[Claim 5] 

The nano particle for intravenous injections according to claim 1 having a phosphate group so that 
hydrophobing of the water-soluble nonpeptidic low molecule drugs may be easy to be carried out with 
said metal ion. 
[Claim 6] 

The nano particle for intravenous injections according to claim 1 having a carboxyl group so that 
hydrophobing of the water-soluble nonpeptidic low molecule drugs may be easy to be carried out with 
said metal ion. 
[Claim 7] 

The nano particle for intravenous injections according to claim 1, wherein water-soluble nonpeptidic 
low molecule drugs are a steroidal anti-inflammatory drug, a non-steroidal anti-inflammatory drug, 
prostanoids, an antimicrobial drug, or a anticancer drug. 
[Claim 8] 

The nano particle for intravenous injections according to claim 1, wherein a surface-active agent is 
polyoxyethylene polyoxypropylene glycols, polysorbates, polyoxyethylene octylphenyl ether, lecithin, 
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or polyvinyl alcohol. 
[Claim 9] 

Carry out hydrophobing of the water-soluble nonpeptidic low molecule drugs with metal ion, and a 
water soluble organic solvent is made to dissolve or suspend with a lactic acid-glycolic acid copolymer 
or a lactic acid polymer, A manufacturing method of a nano particle for intravenous injections aiming at 
targeting and gradual release giving a surface-active agent on the surface of a nano particle by adding in 
solution containing a surface-active agent. 
[Claim 10] 

A manufacturing method of the nano particle for intravenous injections according to claim 9, wherein a 
diameter of particles is 50-300 nm. 
[Claim 11] 

A manufacturing method of the nano particle for intravenous injections according to claim 9, wherein a 
molecular weight of water-soluble nonpeptidic low molecule drugs is 1000 or less. 
[Claim 12] 

A manufacturing method of the nano particle for intravenous injections according to claim 9, wherein 
metal ion is either zinc, iron, copper, nickel, beryllium, manganese or cobalt. 
[Claim 13] 

A manufacturing method of the nano particle for intravenous injections according to claim 9 having a 
phosphate group so that hydrophobing of the water-soluble nonpeptidic low molecule drugs may be easy 
to be carried out with said metal ion. 
[Claim 14] 

A manufacturing method of the nano particle for intravenous injections according to claim 9 having a 
carboxyl group so that hydrophobing of the water-soluble nonpeptidic low molecule drugs may be easy 
to be carried out with said metal ion. 
[Claim 15] 

A manufacturing method of the nano particle for intravenous injections according to claim 9, wherein 
water-soluble nonpeptidic low molecule drugs are a steroidal anti-inflammatory drug, a non-steroidal 
anti-inflammatory drug, prostanoids, an antimicrobial drug, or a anticancer drug. 
[Claim 16] 

A manufacturing method of the nano particle for intravenous injections according to claim 9, wherein a 
surface-active agent is polyoxyethylene polyoxypropylene glycols, polysorbates, polyoxyethylene 
octylphenyl ether, lecithin, or polyvinyl alcohol. 
[Claim 17] 

Anti-inflammation, an antirheumatic which contain a nano particle which enclosed water-soluble steroid 
as an active principle. 
[Claim 18] 

The anti-inflammation according to claim 17, an antirheumatic whose water-soluble steroid is 
phosphoric acid betamethasone. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to a nano particle for intravenous injections which enclosed water-soluble nonpeptidic low 
molecule drugs aiming at targeting and gradual release, and a manufacturing method for the same. In detail, it is 
related with a nano particle for intravenous injections aiming at gradual release of targeting of the water-soluble 
nonpeptidic low molecule drugs to a lesion region, and the drug concerned in a lesion region, and a manufacturing 
method for the same. 
[Background of the Invention] 
[0002] 

Until now, the micro particles thru/or nano particle of a lactic acid-glycolic acid copolymer (PLGA) or a lactic acid 
polymer (PLA) which enclosed water-soluble low molecule drugs has been developed and proposed by many 
researchers. For example, US,4,652,441,B has disclosed nano particles, such as PLGA which microcapsules, such as 
PLGA containing bioactive polypeptide, and the process of those are indicated, and contains various drugs in JP,H10- 
511957,A and in which intravascular administration is possible. JP,H8-217691,A has disclosed the sustained release 
drug which enclosed the water-insoluble nature or damage-at-sea solubility polyvalent metallic salt of the water- 
soluble peptide sex physiology active substance with microcapsules, such as PLGA. 
[0003] 

However, in these prior patents, after carrying out hydrophobing of the water-soluble nonpeptidic low molecule drugs 
with metal ion, about the nano particle for intravenous injections aiming at targeting and gradual release, neither 
reference nor suggestion is carried out at all by enclosing with a nano particle. 

this invention person etc. have been performing patent application about the pharmaceutical preparation which 
consists of a nano particle of a lactic acid-glycolic acid copolymer (PLGA) or a lactic acid polymer (PLA) 
(application for patent 2002-159190). However, in the nano particle which this invention person etc. proposed, the 
enclosure rate into the nano particle of water-soluble low molecule drugs was low. Although the enclosure rate into 
the nano particle of the drugs concerned improves when the hydrophobicity of water-soluble low molecule drugs is 
improved by performing esterification etc., it cannot be said that the release period of the enclosed drug is short and 
sustained-release is enough. 

Therefore, while being able to enclose water-soluble nonpeptidic low molecule drugs in particles, and controlling the 
initial burst phenomenon of the drugs concerned from particles and this invention's being able to release drugs 
gradually over a long period of time, It aims at providing the nano particle for intravenous injections in which 
targeting to a lesion region is possible. 

This invention makes it SUBJECT to provide the simple method of preparation suitable for extensive preparation for 

drugs-izing about the nano particle for these intravenous injections. 

[0004] 

In order to solve this SUBJECT, this invention persons paid their attention to the interaction of water-soluble 
nonpeptidic low molecule drugs and metal ion. That is, enclosure into the nano particle of PLGA or PLA was 
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considered by giving hydrophobicity by combining water-soluble nonpeptidic low molecule drugs with metal ion. As 
a result, the water-soluble nonpeptidic low molecule drugs which have hydrophobicity found out that it could enclose 
into the nano particle of PLGA or PLA very efficiently by combining with metal ion. Discharge of the drugs 
concerned from particles is gradual release-like, and from the accumulation nature to a lesion region being good, the 
obtained nano particle found out that it could become good targeting and gradual release pharmaceutical preparation, 
and completed this invention. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0005] 

Namely, the water-soluble nonpeptidic low molecule drugs which carried out hydrophobing of this invention with 
metal ion as the fundamental mode, It is a nano particle for intravenous injections aiming at targeting and the gradual 
release consisting of having enclosed with the lactic acid-glycolic acid copolymer (PLGA) or the lactic acid polymer 
(PLA) nano particle, and having given the surface-active agent to the surface of the PLGA concerned or a PLA nano 
particle. 
[0006] 

More concrete this invention is the above-mentioned nano particle for intravenous injections, wherein the diameter of 
PLGA or a PLA nano particle is 50-300 nm. 

Still more concrete this invention is the above-mentioned nano particle for intravenous injections, wherein the 
molecular weight of the water-soluble nonpeptidic low molecule drugs enclosed with PLGA or a PLA nano particle is 
1000 or less. 
[0007] 

Concrete this invention is the above-mentioned nano particle for intravenous injections, wherein the metal ion 
combined with water-soluble nonpeptidic low molecule drugs is either zinc, iron, copper, nickel, beryllium, 
manganese or cobalt. 

This invention is the above-mentioned nano particle for intravenous injections specifically characterized by the water- 
soluble nonpeptidic low molecule drugs made to enclose with PLGA or a PLA nano particle having a phosphate 
group or a carboxyl group in intramolecular further again. 
[0008] 

More specifically, this invention is the above-mentioned nano particle for intravenous injections, wherein these water- 
soluble nonpeptidic low molecule drugs are a steroidal anti-inflammatory drug, a non-steroidal anti-inflammatory 
drug, prostanoids, an antimicrobial drug, or a anticancer drug. 

The surface-active agent which more specifically covers the surface of PLGA which enclosed water-soluble 
nonpeptidic low molecule drugs, or a PLA nano particle further again this invention, It is the above-mentioned nano 
particle for intravenous injections being polyoxyethylene polyoxypropylene glycols, polysorbates, polyoxyethylene 
octylphenyl ether, lecithin, or polyvinyl alcohol. 
[0009] 

This invention is a manufacturing method of the nano particle for intravenous injections aiming at above-mentioned 
targeting and gradual release as another mode, and in detail, Carry out hydrophobing of the water-soluble nonpeptidic 
low molecule drugs with metal ion, and nonpeptidic low molecule drugs, A water soluble organic solvent is made to 
dissolve or suspend with PLGA or PLA, It is also a manufacturing method of the nano particle for intravenous 
injections aiming at targeting and the gradual release giving a surface-active agent to the surface of PLGA or a PLA 
nano particle by adding in the solution containing a surface-active agent. 
[0010] 

More concrete this invention is the above-mentioned manufacturing method of the nano particle for intravenous 
injections, wherein the diameter of PLGA obtained or a PLA nano particle is 50-300 nm. 

Still more concrete this invention is a manufacturing method of the above-mentioned nano particle for intravenous 
injections, wherein the molecular weight of the water-soluble nonpeptidic low molecule drugs enclosed with PLGA 
or a PLA nano particle is 1000 or less. 
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[0011] 

Concrete this invention is a manufacturing method of the above-mentioned nano particle for intravenous injections 
with which metal ion combined with water-soluble nonpeptidic low molecule drugs is characterized by being either 
zinc, iron, copper, nickel, beryllium, manganese or cobalt. 
[0012] 

Specifically, this invention is a manufacturing method of the above-mentioned nano particle for intravenous 
injections with which the water-soluble nonpeptidic low molecule drugs made to enclose with PLGA or a PLA nano 
particle are characterized by having a phosphate group or a carboxyl group in intramolecular further again. 
[0013] 

More specifically, this invention is a manufacturing method of the above-mentioned nano particle for intravenous 
injections, wherein these water-soluble nonpeptidic low molecule drugs are a steroidal anti-inflammatory drug, a non- 
steroidal anti-inflammatory drug, prostanoids, an antimicrobial drug, or a anticancer drug. 
[0014] 

The surface-active agent which more specifically covers the surface of PLGA which enclosed water-soluble 
nonpeptidic low molecule drugs, or a PLA nano particle further again this invention, It is a manufacturing method of 
the above-mentioned nano particle for intravenous injections being polyoxyethylene polyoxypropylene glycols, 
polysorbates, polyoxyethylene octylphenyl ether, lecithin, or polyvinyl alcohol. 
[0015] 

This invention is the anti-inflammation and the antirheumatic which provide the treating agent which contains the 
nano particle obtained above as another mode as an active principle, and contain in detail the nano particle which 
enclosed water-soluble steroid as an active principle further again. 
[Best Mode of Carrying Out the Invention] 
[0016] 

As described above, fundamentally, this invention consists of biodegradable PLGA or the nano particle of PLA, 
water-soluble nonpeptidic low molecule drugs combined with the metal ion enclosed in the nano particle, and a 
surface-active agent given to the nano particle surface concerned. 

Namely, the nano particle for intravenous injections aiming at targeting of this invention and gradual release, The 
water-soluble nonpeptidic low molecule drugs which carried out hydrophobing with metal ion are enclosed with 
PLGA or a PLA nano particle, and it consists of having given the surface-active agent to the surface of the PLGA 
concerned or a PLA nano particle. 
[0017] 

In this case, it became clear that that the diameter of the nano particle of this invention is 50-300 nm was a suitable 
range which is easy to be incorporated into a lesion region. That is, in less than 50 nm, particles are too small, and are 
incorporated to except a lesion region, and particle diameter is not preferred. When particle diameter exceeds 300 nm, 
it will be incorporated into an intracellular hide system and is not desirable. 
[0018] 

On the other hand, it is one feature to combine the low molecule drugs concerned with metal ion, and to make the 
drugs themselves into hydrophobicity, in order to make water-soluble nonpeptidic low molecule drugs enclose 
efficiently in a nano particle. Therefore, as metal ion used, it is preferred that it is zinc ion, iron ion, a copper ion, 
nickel ion, beryllium ion, manganese ion, or cobalt ion. Also in it, zinc ion or especially iron ion is preferred. 
Therefore, in this invention, as for the water-soluble nonpeptidic low molecule drugs enclosed with PLGA or a PLA 
nano particle, it is preferred to contain a phosphate group or a carboxyl group in intramolecular so that it may 
combine with such metal ion and hydrophobing may be easy to be carried out. 

It is preferred for water-soluble nonpeptidic low molecule drugs that a molecular weight is 1,000 or less. 
[0019] 

Although various drugs can be mentioned as said water-soluble nonpeptidic low molecule drugs, it is preferred 
especially that it is water-soluble steroidal anti-inflammatory drug, non-steroidal anti-inflammatory drug, prostanoids, 
antimicrobial drug, or anticancer drug. 
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[0020] 

More specifically as a steroidal anti-inflammatory drug, they are phosphoric acid betamethasone, phosphoric acid 
dexamethasone, phosphoric acid prednisolone, phosphoric acid hydrocortisone, prednisolone succinate, 
hydrocortisone succinate, etc. 

As a non-steroidal anti-inflammatory drug, they are loxoprofen sodium, dichlofenac sodium, etc. 

As prostanoids, it is PGE l5 for example and a vancomycin, chloramphenicol succinate, latamoxef, cefpirome, 

clindamycin phosphate, Carmo Nahm, etc. can be mentioned as an antimicrobial drug. As a anticancer drug, although 

vincristine, vinblastine, etc. are mentioned, it is not limited to these. 

[0021] 

As a manufacturing method of the nano particle for intravenous injections which this invention provides, it can 
specifically carry out as follows. Namely, hydrophobing of the water-soluble aforementioned nonpeptidic low 
molecule drugs is carried out by making it combine with metal ion, It can prepare by making it dissolve or suspend in 
a water soluble organic solvent with PLGA or PLA, and adding and stirring this solution or suspension in the solution 
containing a surface-active agent. 
[0022] 

Although it cannot generally limit as a water soluble organic solvent to be used, acetone, acetonitrile, ethanol, 
methanol, propanol, dimethylformamide, dimethyl sulfoxide, dioxanes, or these mixed solvents are preferred. 
As a surface-active agent to be used, polyoxyethylene polyoxypropylene glycols, polysorbates, polyoxyethylene 
octylphenyl ether, lecithin, and polyvinyl alcohol are preferred. 
[0023] 

After centrifugality, gel filtration, fiber dialysis, or an ultrafiltration refines the nano particle of this invention 
manufactured in this way, it is preferred for it to freeze-dry and save in consideration of the stability of PLGA which 
is a base material, or PLA. 

In order to re-suspend the freeze-dried pharmaceutical preparation and to be able to prescribe it for the patient in that 
case, it is preferred to add and freeze-dry a stabilizing agent and an isotonizing agent. As such a stabilizing agent and 
an isotonizing agent, sucrose or trehalose can be mentioned and the addition is good to add so that it may become 
more than 5 time weight to pharmaceutical preparation. 
[0024] 

By prescribing a medicine for the patient into a vein, the nano particle of this invention prepared as mentioned above 
carries out targeting of various kinds of inflammation part, vascular lesion part, infection part, and malignant tumor 
tissues, and accumulates them on the part or organization efficiently. Subsequently, the water-soluble nonpeptidic 
low molecule drugs enclosed in particles on that spot are emitted continuously, and the bioactive of the drugs 
concerned is demonstrated. If it is especially in the nano particle of this invention, it is one feature again that the 
initial burst phenomenon from particles is controlled by operation of metal ion, and the drugs concerned are released 
gradually over a long period of time about the water-soluble nonpeptidic low molecule drugs enclosed in particles. 
Therefore, in order to use this nano particle as pharmaceutical preparation, it is important to control an enclosure rate, 
a discharge action, etc. of a surface physical property, particle diameter, and water-soluble nonpeptidic low molecule 
drugs of a nano particle according to the purpose. For example, the surface physical property of a nano particle is 
controllable by changing the kind of surface-active agent. 
[0025] 

The particle diameter of a nano particle is also more important also for the nano particle which has what particle 
diameter considering whether it is efficiently incorporated into each lesion region (an inflammation part, a vascular 
lesion part, an infection part, and malignant tumor tissue), and adjusting the particle diameter than affecting a moving 
state in the living body greatly. The agitating speed of the aqueous phase at the time of preparing a nano particle, 
quantity of an organic solvent, dropping speed of an organic solvent to be used, etc. can perform adjustment of this 
particle diameter. 
[0026] 

In PLGA of water-soluble nonpeptidic low molecule drugs, or enclosure into a PLA nano particle, the physical 
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properties of the low molecule drugs concerned involve greatly. Generally, the drugs of hydrophilic nature (water 
solubility) of the enclosure rate to the inside of PLGA or a PLA nano particle are lower as compared with 
hydrophobic drugs. Therefore, in this invention, it is required for the drugs concerned by combining water-soluble 
nonpeptidic low molecule drugs with metal ion to give hydrophobicity. This hydrophobic grant becomes possible by 
combining water-soluble nonpeptidic low molecule drugs with metal ion, and making insoluble precipitation more 
specifically form. 
[0027] 

For that purpose, it is preferred to introduce a functional group called the phosphate group or carboxyl group which 
can be combined with metal ion into the intramolecular of water-soluble nonpeptidic low molecule drugs. When the 
functional group which checks the functional group thru/or precipitation formation which does not participate in 
precipitation formation with metal ion is in the pharmaceutical molecule concerned, it is necessary to achieve 
optimization of protecting this functional group by a suitable protective group. 

Since the kind of organic solvent, the quantity, and the dropping speed of an organic solvent to be used also affect 
adjustment of the particle diameter of a nano particle and also affect the enclosure rate of water-soluble nonpeptidic 
low molecule drugs, it is necessary to carry out the optimization. 
[0028] 

The gradual release speed of the water-soluble nonpeptidic low molecule drugs enclosed in particles is controllable 
by using PLGA and PLA of a different molecular weight also about PLGA or PLA used as the base material which 
constitutes a nano particle. 

In order to evaluate the nano particle provided by this invention, it is important to build in vitro or an animal (inch 
vivo) model suitable for examination of PK/PD (pharmacokinetics and metabolism and pharmacological action). 
[0029] 

As described above, in this invention, it became possible using metal ion to high-enclose the drugs concerned in 
PLGA or a PLA nano particle by giving hydrophobicity to water-soluble nonpeptidic low molecule drugs. Therefore, 
the nano particle for intravenous injections which can carry out targeting of the water-soluble nonpeptidic low 
molecule drugs to a lesion region, and a gradual release operation of the drugs concerned over a long period of time 
maintains in a lesion region by this invention is manufactured by a simple method [ dominance /-izing / mass- 
production]. 
[Working example] 
[0030] 

An embodiment and the example of an examination explain this invention in detail below. 
[0031] 

Embodiment 1 : Precipitation formation of the water-soluble nonpeptidic low molecule drugs by metal ion 

As a water-soluble nonpeptidic low molecular weight compound which has a phosphate group, the compound of the 

description was used all over the following table. The 0.2 M-Tris chloride buffer solution (pH 7.8) which dissolved 

each compound by the concentration of 20mM was added in the metal- ion- water solution (lOOmM) of equivalent 

weight of versatility, and muddiness of the addition liquid in that case was observed. 

The result was shown in the 1st table. 

[0032] 

1st Table: Formation of Precipitation by Metal Ion of Water-soluble Nonpeptidic Low Molecular Weight Compound 

[0033] 

[Table 1] 
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[0034] 

- : - a solution state and +: - observation and ++:muddiness have slight muddiness, +++:muddiness arises, and 

precipitation forms 

[0035] 

As for the compound which has a phosphate group, muddiness and precipitation formation were observed by 
existence of zinc, iron (bivalence or tervalence), and copper metal ion so that it might become clear from the result in 
front. 

As a result of replacing the mole ratio of zinc ion with phosphoric acid betamethasone or phosphoric acid riboflavin 
and analyzing the amount of precipitation formation, it became clear that precipitation of a low molecular weight 
compound produced all in about one in a mole ratio with zinc ion. 
[0036] 

Embodiment 2 : Manufacture of a steroid enclosure PLGA/PLA nano particle 

Various steroid was dissolved in underwater [ of lOOmicrol ], and it added in 0.5M zinc acetate solution or first 
ferrum water solution of 0.5M chloride 500mul. 12,000 rpm/centrifugality for 5 minutes was performed, supernatant 
liquid was removed, and precipitation of zinc-steroid or iron-steroid was obtained. 500microl addition of acetone, the 
acetone / acetonitrile mixed liquor, or the acetone/ethanol mixture which dissolved PLGA (made by Wako Pure 
Chemical Industries, Ltd.) or PLA(made by Wako Pure Chemical Industries, Ltd.)20mg into these settlings was done. 
Furthermore zinc acetate solution was added and this solution (or suspension) was stirred at 400 rpm after standing 
with the room temperature for 2 hours. It added through the syringe of 27G the speed for 1-ml/in 0.5%PluronicF68 
(nonionic polymer surfactant) solution. The obtained nano particle added and carried out centrifugality of 0.4 times 
the amount of the EDTA solution (pH 8) of 0.5M after neglect for 20,000g 20 minutes, stirring at a room temperature 
for 1 to 2 hours. After removing supernatant liquid, water was added and it acted as Kiyoshi of the nano particle by 
** by centrifugality again. Under [ a fixed quantity / in HPLC / quantity / of the steroid in a nano particle / the 
obtained nano particle decomposes PLGA/PLA in a 2N-NaOH aqueous solution and ]. The nano particle prepared 
without adding metal ion is related with nonaqueous solubility steroid, and it is the bottom in fixed quantity similarly. 
It is the bottom about a fixed quantity of quantity of the phosphoric acid betamethasone which dissolved the 
precipitation in which 5 mg of phosphoric acid betamethasone was made to form with zinc in acetone of various 
quantity, and was similarly enclosed in the nano particle. 
The result was shown in the 2nd table and the 3rd table. 
[0037] 

Table 2: Enclosure of steroid into PLGA nano particle 
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[0038] 
[Table 2] 
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[0039] 

BDP: Betamethasone dipropionate 
BP: Phosphoric acid betamethasone 
DP: Phosphoric acid dexamethasone 
HP: Phosphoric acid hydrocortisone 
[0040] 

3rd Table: Influence of the Amount of Acetone Exerted on Enclosure Rate of Phosphoric Acid Betamethasone into 

PLGA Nano Particle 

[0041] 

[Table 3] 
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[0042] 

Notes: Particles condense and measurement is impossible. 
[0043] 

As shown in the 2nd table, when phosphoric acid steroid is sodium salt, It became clear that the enclosure rate into a 
PLGA nano particle increased notably by having used precipitation (BP-Zn, BP-Fe, DP-Zn, HP-Zn) of the 
phosphoric acid steroid produced by addition of zinc or ferrous ion to not being enclosed in a nano particle at all. 
When PLGA and the amount of phosphoric acid betamethasone are set constant and the amount of acetone of the 
solvent is changed so that clearly from the result shown in the 3rd table, the nano particle has condensed below by 
500microl, but. In 700microl, the dispersion stability was high, the nano particle by which high concentration 
enclosure of the phosphoric acid betamethasone was carried out was prepared, and it became clear that an enclosure 
rate becomes low gradually in the amount of acetone beyond it although a dispersion stability is high. 
[0044] 

Embodiment 3 :P Discharge action of the steroid from LGA / PLA nano particle 

5 mg of phosphoric acid betamethasone was dissolved in underwater [ of lOOmicrol ], and it added in 0.5M zinc 
acetate solution 500mul. Centrifugality was carried out in 12,000 rpm/5 minutes, supernatant liquid was removed, 
and precipitation of zinc-steroid was obtained. 500microl addition of the acetone which dissolved various PLGA(s) or 
PLA20mg from which a molecular weight differs in these settlings was done. It added through 27 G syringe the speed 
for 1-ml/in 0.5%PluronicF68 (nonionic polymer surfactant) which stirred this solution at 1,400 rpm after standing 
with the room temperature for 2 hours, or lecithin suspension. The obtained nano particle carried out concentration 
washing with the ultrafiltration (Amicon make: centriprepYM-10), after adding EDTA after neglect, stirring at a 
room temperature for 1 to 2 hours. This nano particle was suspended so that it might become 500microg/mL as 
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PLGA concentration into FBS (fetal calf serum)/PBS (v/v=l), the EDTA solution of 0.5M of predetermined time of 
after 1 / 2.5 volume (pH 8) was added, and the at-long-intervals heart was carried out at 20,000 g for 30 minutes. 
After removing supernatant liquid, water was added and centrifugality washed the nano particle again. Under [ a 
fixed quantity / in HPLC / amount / of steroid / in a nano particle / the obtained nano particle decomposes PLGA/ 
PLA in a 2N-NaOH aqueous solution and ]. 

A fixed quantity was similarly carried out about the nano particle which enclosed BDP (betamethasone dipropionate) 
of the hydrophobic steroid prepared as comparison and contrast by the method for which this invention person etc. 
have applied previously (application for patent 2002-159190). 
The result was shown in the 4th table. 
[0045] 

Table 4 Betamethasone discharge action from nano particle 
[0046] 

[Table 4] 



PLGA/PLA 




5 n m 


1 0 


2 0 


4 0 


8 0 


11 0 


20 0 


PLA* 1 
(Mw 14000) 


27 


53 


64 


79 


97 


98 


100 


PLGA* 2 
(Mw 8000) 


0 


17 


29 


35 


60 


70 


93 


PLGA* 2 
(Mw 13000) 


0 


11 


18 


34 


47 


53 


62 


PLA* 2 
(Mw 9000) 


0 


12 


13 


25 


28 


30 


38 


PLA* 2 
(Mw 14000) 


0 


3 


4 


8 


10 


14 


31 



[0047] 

*1: The nano particle adjusted to the application for patent 2002-159190 by the method of the description 

*2: The nano particle prepared by this invention method 

[0048] 

From the nano particle which enclosed BDP (betamethasone dipropionate) of the hydrophobic steroid prepared by the 
method for which this invention person etc. have applied previously (application for patent 2002-159190). If it is in 
the nano particle prepared by this invention method to betamethasone being emitted in an early stage and about 90 
percent or more of betamethasone being emitted from the nano particle in six days, Early burst release is controlled 
remarkably and it became clear that steroid was emitted further gradually also after that. 

It became clear that steroid was early emitted more for the nano particle prepared using PLGA rather than the nano 
particle which steroid is emitted at an early stage, and the direction of the nano particle prepared using PLGA or PLA 
with a small molecular weight prepared using PLA. 
[0049] 

Embodiment 4 : The discharge action of the steroid from a nano particle incorporated into the macrophage 
The macrophage was extracted from the abdominal cavity of the mouse which injected 1.5 ml of proteose peptone 
intraperitoneally 10%, and was stimulated, seeding was carried out by 6x10 5 cells/12well, and it cultivated by the 
macrophage SFM culture medium (made by Gibco) overnight. The PLGA nano particle or PLA nano particle 
prepared according to Embodiment 3 was added after exchanging culture media, and it incubated at 37 ** for 2 hours. 
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After washing a cell 8 times by PBS and a culture medium, under [ a fixed quantity / method / ELISA / amount / of 

betamethasone / which is contained in a culture medium for every predetermined time ]. 

The nano particle which enclosed BDP (betamethasone dipropionate) of the hydrophobic steroid prepared as 

comparison and contrast by the method for which this invention person etc. have applied previously (application for 

patent 2002-159190) was added, and it inquired similarly. 

The result was shown in the 5th table. 

5th Table: Betamethasone Discharge Action from Macrophage Which Incorporated Nano Particle 

[0050] 

[Table 5] 

«$*-yy>mmiS(.!iiM. c % ) 



[0051] 

*1: Prepare a nano particle using PL A (Mw 14000) (application for patent 2002-159190). 

*2: Prepare a nano particle using PLGA (Mw8000). 

[0052] 

From the nano particle which enclosed BDP (betamethasone dipropionate) of the hydrophobic steroid prepared by the 
method for which the inventor etc. have applied previously (application for patent 2002-159190). To betamethasone 
being emitted in an early stage and most being emitted in two days, till about 2 - three days after, in the case of the 
nano particle prepared by this invention method, the action near zero-order discharge was shown, and it became clear 
to it that it continues being emitted gently also after that. 
[0053] 

Embodiment 5 : Dispersion-stability evaluation of a nano particle 

The nano particle was obtained by dropping the acetone solution prepared according to Embodiment 3 at underwater 
[ which dissolved various surface-active agents ]. After condensing, washing and refining the obtained nano particle 
and freeze-drying in the sucrose solution of various concentration, adding water again estimated the redispersibility 
of the nano particle with the light scattering meter. 
[0054] 

The nano particle prepared using the solution containing the surface-active agent of lecithin, polyoxyethylene 
polyoxypropylene glycols, or polysorbates, Even if it was in the case of which, when becoming a nano particle which 
has the almost same particle diameter and changing the concentration of a surface-active agent by 0.01 to 1% of 
within the limits, even if it was, the big difference to the particle diameter of a nano particle, a dispersion stability, 
and a phosphoric acid betamethasone enclosure rate was not accepted. 

However, in the nano particle which was dropped at the polyvinyl alcohol solution and prepared, compared with the 
nano particle prepared with other surface-active agents, particle diameter became large, and the phosphoric acid 
betamethasone enclosure rate was also low. It became clear by adding and carrying out lyophilization treatment of the 
sucrose more than 5 time weight to nano particle weight that the redispersibility of the nano particle after freeze- 
drying was maintained. 
[0055] 

Embodiment 6 : Accumulation nature to the inflammation part of a nano particle 

the Lewis system male rat left rear ~ a leg - lOOmicrol administration of a carrageenin content physiological saline 
was done 1%, and inflammation was made to cause in the corium solae The mean particle diameter which enclosed 
the rhodamine 4 hours afterward carried out single-dose administration of the nano particle which has 200 nm or 500 
nm from the caudal vein. A leg edema was excised 2 hours after administration, the frozen section was produced with 
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cryostat, and the organization was observed with the fluorescence microscope. 

The administration group of only a physiological saline and the administration group of only a rhodamine were set as 

a comparative example. 

[0056] 

In the group which prescribed for the patient the nano particle whose mean particle diameter is 200 nm, the 
fluorescence intensity of section tissue images was increasing remarkably as compared with the section tissue images 
of the group which prescribed only the physiological saline of contrast for the patient, and it became clear that the 
nano particle was piling up the inflammation part. 

The accumulation nature to the inflammation part was not accepted in the group which prescribed only the rhodamine 
for the patient, or the group which prescribed for the patient the nano particle whose mean particle diameter is 500 
nm. 
[0057] 

Embodiment 7 : Adjuvant arthritis depressant action 

A with a weights [ 130-160g ] 7- week old Lewis system rat After preliminary breeding for one week, the bottom of 
anesthesia -- 6 mg/mL M.Butyricum Desiccated (made by DIFCO) content -- age -- band Incomplete Freund (made 
by DIFCO) solution 50mul — the left rear — a leg - it injected in the planta hide and arthritis was made to cause M. 
14 days after Butyricum administration and the left rear — a leg — a group which divided capacity into the index so 
that there might be no distance between each experimental group — the single intravenous dose of the PLA nano 
particle which enclosed phosphoric acid betamethasone with the rat was carried out. 

The single intravenous dose of a single subcutaneous dose or Limethason (made by Mitsubishi Pharma Corp.) was 
carried out for phosphoric acid betamethasone or phosphate buffered saline (PBS) to the rat of other groups as 
contrast, respectively. 

The inflammation depressant action of arthritis was analyzed before medication by measuring the left hind-foot 
capacity for after-administration seven days by a water displacement method. 
The obtained result was shown in the 6th table. 
[0058] 

6th Table: Adjuvant Arthritis Depressant Action by Nano Particle 
[0059] 

[Table 6] 



s * m 


© j§- % ( 0 ) <d & & m * 3 ( % ) 


1 


2 


3 


4 


5 


6 


7 


if 38 m » -r j m ^ * 1 


69.0 


68.7 


68.3 


69.0 


70.3 


70.8 


71.3 




66.9 


72.0 


79.2 


78.5 


80.0 


79.0 




rm^ nri'y ( 300^ g ) 


68.3 


76.5 


79.2 


81.7 


88.0 




84.8 


> ( 100 jw g ) 


78.4 


80.0 


82.8 


85.4 


84.2 


83.0 


81.7 


£ a & ±a 7 K 


100.8 


98.1 


98.0 


96.7 


96.0 


95.5 


96.2 



[0060] 

*1: PLA (Mw 14000) was used and the nano particle which enclosed phosphoric acid betamethasone was prepared. 
The quantity which is equivalent to lOOmicrog as phosphoric acid betamethasone is prescribed for the patient. 
*2: Prescribe for the patient the quantity which converts into phosphoric acid dexamethasone and is equivalent to 
lOOmicrog. 

*3: The rate of inflammation is based on the following formulas. 

Rate of inflammation (%) =(measured leg capacity - age band leg capacity unprescribed a medicine for the patient)/ 
(leg capacity before medication - age band leg capacity unprescribed a medicine for the patient) xlOO 
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[0061] 

As shown in the 6th table, the administration group of Limethason which is the steroidal anti-inflammatory agent 
already used clinically showed anti-inflammatory activity comparable as the case where triple the amount of 
phosphoric acid betamethasone is prescribed for the patient, one day after administration. The anti-inflammatory 
activity became weaker gradually after that like the case where only phosphoric acid betamethasone is prescribed for 
the patient. On the other hand, in the administration group of the PLA nano particle which enclosed the phosphoric 
acid betamethasone of this invention, strong anti-inflammatory activity comparable as Limethason was shown one 
day after administration, and strong anti-inflammatory activity was maintained over seven days after that. 
[0062] 

Embodiment 8 :P Preparation of the PLGA/PLA nano particle which enclosed GE 1 

1-mg PGE 1 was dissolved in the ethanol of 20microl, and it added in ferrum water solution 80mul for a start [ 0.5M 

chloridation ] (or the second). 12,000 rpm/centrifugality for 5 minutes was performed, supernatant liquid was 
removed, and precipitation of iron-PGE! was obtained. The acetone solution which dissolved PLGA (made by Wako 

Pure Chemical Industries, Ltd.) or PLA (made by Wako Pure Chemical Industries, Ltd.) into these settlings was 
added. Furthermore zinc acetate solution was added and it added through 27G syringe the speed for 1-ml/in 0.5% 
PluronicF68 (nonionic polymer surfactant) which stirred this solution (or suspension) at 400 rpm after standing with 
the room temperature for 2 hours, or lecithin suspension. The obtained nano particle added 0.4 times the amount of 
EDTA solution (pH 8) of 0.5M after neglect, stirring at a room temperature for 1 to 2 hours, and carried out 
centrifugality at 20,000 g for 20 minutes. After removing supernatant liquid, water was added and centrifugality 
washed the nano particle again. Under [ a fixed quantity / method / ELISA / j / PGE/ the obtained nano particle 

dissolves into acetonitrile, and it dilutes with PBS and ]. 

It is the bottom in fixed quantity by the ELISA method about the amount of PGEj which makes incorporate a PGE 1 

enclosure PLGA nano particle into a macrophage like Embodiment 4, and is contained in a culture medium for every 

predetermined time. 

The result was shown in the 7th table. 

[0063] 

7th Table: PGE : Discharge Action from Macrophage Which Incorporated Nano Particle 
[0064] 

[Table 7] 





PGEiUffl^ffi* ( % ) 




2 &$F£ 


5 P#M 


io m m 


1 0 


2 0 


3 0 


4 0 


6 0 


8 0 


PGEi St A 


22 


42 


60 


75 


90 


95 


98 


99 


100 



[0065] 

*1: Prepare a nano particle using PLGA (Mw8,000). 
[0066] 

The enclosure rates to the inside of the PLGA nano particle of PGE 1 were about 0.1 thru/or about 1 weight %. 

Although the gradual release action like the phosphoric acid betamethasone which is a steroidal anti-inflammatory 
agent was not shown so that it might become clear also from the result shown in the 7th table, it is understood that 
PGE 1 is continuing being emitted over eight days. 

[Industrial applicability] 
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[0067] 

As indicated above, quantity enclosure of the water-soluble nonpeptidic low molecule drugs can be enough carried 
out into PLGA or a PLA nano particle by this invention, And the initial burst phenomenon of the drugs concerned 
from particles is controlled, and the nano particle for intravenous injections which can release drugs gradually over a 
long period of time is provided. 

Targeting of the nano particle for intravenous injections provided by this invention is carried out to various kinds of 
inflammation part, vascular lesion part, infection part, and malignant tumor tissues, and it is efficiently accumulated 
on the part or organization. Subsequently, the usefulness on the Medical Science Division is greater than emit 
continuously the water-soluble nonpeptidic low molecule drugs enclosed in particles on that spot and demonstrating 
the bioactive of the drugs concerned. 



[Translation done.] 
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